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Abstract—In this paper we propose a new method for estimating 
the degree of salt-damage over a widespread area using SPOT5 
satellite images. In the method, the paddy field pixel data are 
normalized and plotted in the spectral feature space of NDVI 
(Normalized Differential Vegetation Index) and NDGI 
(Normalized Differential Green Index). In the feature space, 
normal paddies clustered along a standard line, whereas the 
damaged paddies, at an early stage, shifts at the under side of the 
standard line. Thus the degree of early-stage damage can be 
detected from the difference from the standard line. The 
resultant degree of damages are shown in color and plotted on 
the map. In order to comparatively evaluate our method, we also 
examined other methods using reflectance of NIR or NDVI. In 
the comparison, we confirmed that the newly proposed method 
showed the best match to the ground truth observation. 
Subsequently, we attempted to apply the method to the images 
taken after “Tsunami” in Sumatera for testing the availability. 
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I.  INTRODUCTION  
Rice is widely grown in the world and especially in Asia a 
lot of people live on rice. In order to get the food constantly, it 
is necessary not only to search the ordinal crop, but also to 
evaluate the degree of damages immediately and take deal with 
the situation when a natural disaster happened. In natural 
disasters for paddy field, recently salt-damage caused by 
typhoon or “Tsunami” becomes of a serious problem, 
especially in the coastal area. 
In this research, we propose a new method for estimating 
the degree of salt-damage over a widespread area using SPOT5 
satellite images. In the method both NDVI and NDGI are 
utilized as indices. This combination of indices has been 
proposed by our research based on high-resolution 
hyperspectral data [1]. In order to evaluate the method, other 
methods using reflectance of NIR or NDVI are examined. In 
comparing the three methods, we confirm that proposed 
method shows the best match to the ground truth observation. 
II. ANALYSIS AREA AND METHODS 
A. Observation Area 
We analyzed the images of Shonai plain, in Yamagata Pref. 
(See Fig. 1)[2]. This area is one of the main localities of rice in 
Japan. In August 20th, 2004, the typhoon 0415, Megi, passed 
over coastal side of Yamagata Pref. and paddy fields in the area 
were suffered from salt-damage, especially in the coastal area. 
The degree of the salt-damages is estimated using SPOT5 
satellite images taken one week before and two weeks after the 
typhoon. The size of the images is 6000 × 6000 pixels and the 
resolution is 10 m. 
B. Analysis Methods 
Three methods are used for estimating the degree of salt- 
damages. One is the newly proposed method using two indices, 
and the others using an index are examined to comparatively 
evaluate our method. 
In method (a); newly proposed, NDVI (1) and NDGI (2) 
shown in the followings are utilized.  
      NDVI = (IR – R) / (IR + R)                (1) 
  NDGI = (G – R) / (G + R)         (2) 
where G, R and IR are respectively pixel reflectances of green, 
red and NIR components of the multi spectral satellite images. 
At first, these values are calculated for each pixel. Next, we 
select typical three paddy field areas in which the degree of 
damage is different (See Fig. 2), and the pixel data for each 
area are plotted in the feature space of the indices. In the space, 
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Figure 1.  SPOT5 Observation Area 
 
normal paddies clustered along a standard line, whereas the 
damaged paddies, at an early stage, shifts at the under side of 
the standard line. We have two ways of determining the line. 
One way is to estimate from the data which had been stored 
previously. The other way is to derive the line from the pair 
data observed with respect to the intact area, before and after 
the disaster. The line can be derived by connecting the two 
cluster centers. We do not have any aprior datum presently, so 
in this paper the line was derived by the latter way. Finally, all 
pixels in the whole image are displayed in color, reflecting the 
distance from the position of each data point to the line in the 
space. 
In method (b); NIR, the difference in the reflectance of NIR 
measured before and after the disaster is utilized for damage 
estimator. 
In method (c); NDVI, the degeneration of NDVI alone is 
used to find changes caused by the salt-damage. To begin with, 
NDVI value is calculated for each pixel. Next, we select typical 
three paddy field areas in the same manner as in method (a), 
and for each area the average of the index is calculated. Finally, 
all pixels in the whole image are displayed using the color 
code, reflecting the degree of damages. 
III. RESULTS 
The  above three methods were applied to SPOT5 images 
of Shonai area, taken 14 days after the typhoon attack, for 
estimating the degree of salt-damages. In converting the signal 
intensities of IR, R and G in the images to the reflectances,  the 
reflectances of asphalt and water were used as reference. The 
maps obtained by these methods are presented in Fig. 3, and 
the color code in each method expresses the difference of the 
estimated damages. The plot data in the feature space obtained 
by the proposed method and the standard line are shown in Fig. 
4. 
In the map obtained by method (a), the area near the sea is 














Figure 2.  Selected Area ( preudo color SPOT5 image ) 
(Fig.3 (a)). Whereas in the maps obtained by method (b) and 
(c), some areas far from the sea are erroneously shown as 
damaged severely (Fig.3 (b), (c)). 
 In these maps, method (a) shows the best match to the 
ground truth observation, and also in the feature space the data 
of damaged paddies shift at the under side of the line(Fig. 4). 
So the new method is effective for estimating the degree of 
salt-damages, especially at an early stage. 
IV. ATTEMPTING OUR METHOD TO IMAGES IN SUMATERA 
The “Tsunami” generated by a large earthquake in the 
Indian Ocean on December 26th, 2004, caused serious damage 
and killed over 200000 people in Indonesia [3],[4]. Especially 
BandaAceh of Sumatera Island was severely damaged because 
of the location, also the agricultural fields in the coastal area. 
Then, we attempted to apply our method to the QuickBird 
satellite images in BandaAceh (See Fig. 5) for the test of the 
applicability. The size of the images is approximately 3600 × 
2100 pixels and the resolution is 2.4 m. The 3 × 3 average filter 
was applied to the QuickBird images in advance to the analysis. 
At first we selected three grass areas, instead paddy fields, 
in which the degree of damage seemed to be different (See Fig. 
6). Next, NDVI and NDGI were calculated, and the pixel data 
for each area were plotted in the feature space (Fig. 7). Then 
the line gradient calculated in Section Ⅲ was used as that of 
the standard line tentatively.  
The result differs from that shown in Fig. 4, particularly the 
NDVI value goes down intensively. So the data obtained from 
the image taken after the “Tsunami”, do not shift at the under 
side of the line and shift at the left side in the space. This result 
seems to show that selected areas had been submerged by 
“Tsunami”. Because the great depression of NDVI indicates 
the depression of IR, that is to say, water affects the depression 
directly. Therefore, these areas were suffered from flood 
damage, not a pure salt-damage. 
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(a) The map obtained by method (a); proposed 
(Red:Severely damaged, Green:moderate, 
Blue:Less, Black:Water/Cloud/Man Made) 
 
(b) The map obtained by method (b); NIR 
(Red:Severely damaged, Green:moderate, 
Blue:Less, White:Water/Cloud, Gray:Man Made) 
 
(c) The map obtained by method (c); NDVI 
(Red:Severely damaged, Green:moderate, 
Blue:Less, Black:Water/Cloud/Man Made) 




















(b) after the typhoon 










Figure 5.  QuickBird Observation Area                                                 











Figure 6.  Selected Area (QuickBird Image©Digital Globe) 
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Figure 7.  Data changes for grass area 
 
V. CONCLUSIONS 
We proposed a new method utilizing the indices of NDVI 
and NDGI, for estimating the degree of salt-damages over a 
widespread area. The degree of the damage is estimated in the 
two-dimensional feature space, facilitating the damage 
detection precisely. The new method was applied to the SPOT5 
satellite images of Shonai plain in Yamagata Pref. In 
comparison with other methods utilizing the reflectance of NIR 
or NDVI, the new method showed the best match to the ground 
truth observation. 
 Whereas the locus of the data plotted in the feature space 
in Sumatera, it differed from the one in Shonai plain. The 
difference seems to show that the areas in Sumatera had been 
suffered from flood damage, not pure salt-damage. In verifying 
the actual damage in Sumatera, the cause of the damage might 
be identified by the locus in the space.  
In the in-house experiment of making leaves wither up 
caused by salt artificially, both NDVI and NDGI values 
decrease, and the data points in the feature space approximately 
move along a line[2]. But in early stage of the process, 
chlorophyll in the leaves is destroyed with carotinoid remained, 
so NDGI value decreases quicker than NDVI. Therefore in 
order to detect the early-stage salt-damage, color code 
reflecting the distance from the data point in the space to the 
line, is effective. However carotinoid in the leaves is also 
destroyed at later-stages, it is expected that NDGI value 
decreases in proportion to NDVI value. Therefore the result 
obtained by the analysis using method (c); NDVI, shows also 
acceptable one (The map shown in Fig. 3 (c) seems to be valid 
for finding severely damaged areas, because the image taken 
two weeks after the disaster was used.). However for 
minimizing the salt-damage, the detection of the early-stage 
damage is needed. This urgent requirement exclusively 
supports the effectiveness of method (a). 
In the future, we intend to extend our method for evaluating 
the potential of detecting early-stage damages caused by 
diseases and harmful insects in addition to the salt-damage 
detection. 
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